A recent Particle Image Velocimetry (PIV) experiment in He II counterflow around a cylindrical obstacle showed the existence of apparently stationary normal fluid eddies both downstream (at the rear) and upstream (in front) of the cylinder. This rather surprising result does not have an analogue in experimental observations of classical fluid flows. We suggest that the explanation for the apparent stability of such eddies can be provided entirely from the viewpoint of classical fluid dynamics. We also discuss a possible connection between the emergence of the normal fluid eddies and the polarization of the vortex tangle in superfluid.
I. MOTIVATION
Particle Image Velocimetry (PIV), which has been, for several decades, a standard technique of flow visualization in classical fluid dynamics, is based on tracking the motion of solid particles injected into the fluid. Provided the particles are sufficiently small, they can be expected to follow faithfully the fluid flow.
Recently implemented in helium II [1] , the PIV technique has already yielded some nontrivial and unexpected results [2, 3, 4, 5] followed by the attempts of their theoretical interpretation (see e.g. Refs. [6, 7] ). Among surprising experimental results is the recent observation [3] Solid particles used for visualization in the PIV experiments were polymer microspheres of diameter 1.7 µm and density 1.1 g/cm 3 .
In these experiments Zhang and Van Sciver observed the formation of large-scale eddies of the particulate motion located both downstream and, surprisingly, upstream of the cylinder with respect to the normal flow (it should be noted that these structures were somewhat more discernible in the second of two experiments, i.e for Re D = 2.1 × 10 4 , in which case the corresponding mean normal fluid velocity was v n ≈ 2.2 cm/s). These, apparently stable vortices of the particulate flow field were located at distances about 3 cylinder radii from its center at the angles ±45 o and ±135 o to the axis along the undisturbed flow through the center of the cylinder.
In order to interpret these observations, the following question should first be addressed:
what do tracer particles actually trace? It seems natural to assume that in the cited experiment, because the Stokes drag of small particles is much larger than other forces exerted by the normal fluid (see e.g. Ref.
[6]), the particle trace the normal fluid. However, solid particles also interact strongly with quantized vortices which may reconnect to the particle surface; such interactions may lead to the appearance of the additional force exerted on particles by the superfluid. This additional force was actually measured in another Zhang and Van Sciver's experiment [2] on particle sedimentation in the thermal counterflow, and later analyzed theoretically [7] by the authors of the present work.
A second question is: do the circulation cells of the particulate motion map, in the experiment [3] , the normal eddies, or result from complex interactions of particles with both the normal fluid and quantized vortices in the superfluid component (in which case the eddies in the normal fluid may not even exist)? Since in this experiments the vortex tangle was relatively dilute (see more detaled discussion below in Sec. V), we can expect with some confidence that the particle motion indeed maps, at least qualitatively, the normal flow. The observed normal flow patterns do not have a classical analogue: in classical fluid dynamics, stationary eddies upstream of the cylinder have never been observed, and downstream of the cylinder one would rather expect the Von Kármán vortex street than a pair of apparently stationary eddies. In Ref. [3] it was suggested that the observed large normal vortex structures were caused by the complex interaction between the two fluid components of He II.
In the present work we argue that, while the emergence of the large-scale vortex structures is, most likely, caused by the mutual friction between quantized vortices and the normal fluid, the apparent stability of the observed eddies, both at the rear and in front of the cylinder, any perturbation of the stationary configuration leads to eventual sweeping of the vortex points away from the disk. However, we shall show that there exist stationary configurations such that, on the time scale corresponding to the duration of experiment [3] , the vortices located sufficiently close to the corresponding stationary points will remain in the close proximity of their initial locations. Moreover, such stationary points are positioned as the apparently stable eddies seen by Zhang and Van Sciver. In conclusion we shall also discuss a possible connection between the emergence of the normal fluid eddies and the polarization of the vortex tangle in the superfluid component of He II.
II. LAGRANGIAN EQUATIONS OF MOTION OF POINT VORTICES IN THE INVISCID FLOW AROUND THE DISK
We consider the two-dimensional inviscid, potential flow, with velocity U at infinity, around a circular disk of radius a. We are concerned with a motion in such a flow of a vortex-antivortex pair, i.e. of two vortices of opposite polarities but the same circulation, Γ. Let the positions of the vortex points on the complex plane be z 1 (t) = x 1 (t) + iy 1 (t) and 
where z * = x − iy denotes the complex conjugate of z = x + iy.
It is convenient to introduce the non dimensional variables
so that the non-dimensional complex potential is (from now on the primes are omitted)
The x-and y-components of the fluid velocity are, respectively, u = Re {dw/dz} and v = −Im {dw/dz}.
The flow potential (3) yields the following Lagrangian equations of motion of two vortex points, z 1 (t) and z 2 (t):
where j = 1, 2, and
.
(6)
III. STATIONARY POSITIONS OF POINT VORTICES
In relation with the experimental observations described in Ref. is defined by relation (6) . Introducing the function F (x, y) = yz
, we obtain the following pair of coupled equations for the coordinates of the stationary point:
where
Consider first Eq. (8) . Obviously, y 
IV. APPARENT STABILITY OF STATIONARY POINTS
The motion of two point vortices whose initial positions are perturbed around the corresponding stationary values, i.e.
where j = 1, 2, x ), is governed by the system of four Lagrangian equations (4) for x 1 (t), y 1 (t), x 2 (t), and y 2 (t). Numerical solution of Eqs. (4) shows that any perturbation leads in general to sweeping of vortex points by the imposed, uniform at infinity, flow around the disk, so that x j (t) → +∞ as t → ∞ (the only exception 
The function A(λ) is shown in Fig. 3 .
If, at t = 0, the distance between the vortex z 1 and the stationary point z In this work we argue that, based on the idealized flow model considered above in Secs. II-IV, the experimental results [3] can be interpreted without invoking the mechanism of interaction between the normal fluid and quantized vortices. It must be emphasized that the flow analyzed in Secs. II-IV is that of the inviscid fluid, while the normal flow in the experiment [3] is obviously viscous, so that the following arguments and estimates should be regarded as qualitative. However, in the experiment [3] the Reynolds numbers defined by the diameter of the cylinder were at least of the order of 2 × 10 4 , so that the considered inviscid, potential flow can be used as a reasonable approximation to a distribution of the Reynolds averaged velocity of the turbulent normal fluid around the cylinder.
In the experiment described in Ref. Refs. [10, 11] ) which, in turn, would drag along the tracer particles in the PIV experiment.
(On a related problem, it should be mentioned that the results of Hänninen et al. [12] are hinting at the possibility of formation of a classical wake of quantized vortices behind an oscillating sphere. It is not yet known whether a similar phenomenon occurs in the flow past a cylinder, although the experimental results [3] seem to point in this direction.) Assuming that, at least within the domains occupied by the circulation cells observed in the experiment [3] , the normal fluid and the superfluid are fully interlocked through the mutual friction, it is easy to estimate that, for the parameters typical of the cited experiment, the value of the non-dimensional circulation, λ = 3 corresponds to N ≈ 2.6 × 10 4 quanta of circulation, κ = 10 −3 cm 2 /s. Considering a cluster of N polarized vortices with a cross-section of radius a cl , we find that its (polarized) vortex line density would be
which is a small, 8% polarization of the total (random) vortex line density, L 0 ≈ 10 6 cm −2
typical of the experiment [3] . Therefore, as envisaged in Refs. [10, 11] , even a small polarization of the vortex tangle would be sufficient to generate normal circulation patterns which, if located near the stationary points of the considered Euler flow, can exist as apparently stable for the duration of experiment.
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